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Recovery of Oak-Saw Palmetto Scrub after Fire

PAUL A. SCHMALZERand C. Ross HINKLE

ABSTRACT
]

We sampled previously established permanent line-intercepttransects (15 m length)

in oak-saw palmetto scrub 6, 12, 18, 24, and 36 months aftera fireand recorded cover by

taxon inthe 0-0.5 m and >0.5 m height layers to determine patterns of recovery. Transects

were located in two stands that were seven years (sixtransects)and II years (fourtransects)

since the lastfirewhen burned. Shrubs and herbs recovered by sprouting with littlechange

in species present or species richness.Regrowth of Serenoa repens afterburning exceeded

that of the oaks; itscover in the >0.5 m layer returned to preburn values within one year.

Oak cover (>0.5 m layer) was less than preburn three years after the fire.Differences in

growth rates resulted in changes in dominance of mixed oak-saw palmetto transects.We

used detrended correspondence analysis ordination to examine resilienceafter fire.Oak-

saw palmetto scrub isvery resilientcompared to most shrublands. All successional vectors

returned toward originallocations infiresat7-I 1 year intervals.Patterns of recovery varied

along the scrub composition gradient. Mixed oak-saw palmetto transects recovered more

slowly and showed greater changes in their post-firecomposition than saw palmetto-dom-

inated transects three years after burning.

INTRODUCTION

In this paper we describe the response of oak-saw palmetto scrub vegetation

to fire.Scrub vegetation is rapidly disappearing (Myers 1990). Some scrub com-

munities support endemic plants now threatened or endangered (Christman and

Judd 1990), and oak-dominated scrub is habitat for the Florida Scrub Jay (Aphe-

locoma coerulescens coerulescens) (Woolfenden and Fitzpatrick 1984), listed as

threatened by the Fish and Wildlife Service, and for other species of conservation

concern (Breininger eta]. 1988, Fernald 1989). Management of remaining scrub

vegetation is critical to the survival of a host of species. Scrub isa fire-maintained

vegetation. Due to the fragmented state of most scrub landscapes, natural fires

no longer occur with presettlement size and frequency, and prescribed burning

isrequired to maintain scrub communities (Myers 1990). Understanding changes

in scrub composition and structure after fire throughout its range is important

to management decisions.

Scrub vegetation in Florida and adjacent states, broadly defined, is a xero-

phytic shrub community dominated by evergreen oaks or Florida rosemary (Cer-

atiola ericoides), with or without a pine overstory, occupying well-drained in-

fertile,sandy soils (Myers 1990). Some authors (e.g.,Laessle 1942) have restricted

the term scrub to communities with a sand pine (Pinus clausa) canopy and
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termed related communities scrubby flatwoods (Laessle 1942, Abrahamson et al.

1984, Abrahamson and Hartnett 1990), while others (Kurz 1942) have used scrub

more broadly based on shrub layer composition. A number of scrub types can

be recognized based on dominant species (Duever 1983, Myers 1990). Scrub

communities are related along depth to water table gradients and differing fire

frequencies (Myers 1990) and may grade imperceptibly into flatwoods (Abra-

hamson and Hartnett 1990, Myers 1990). Myers {1990) noted three major geo-

graphic groupings of scrub in Florida: inland peninsula, coastal peninsula, and

coastal Panhandle.

Oak-saw palmetto (Serenoa repens) scrub vegetation is a scrub type dom-

inated by evergreen, sclerophyllous oaks including Quercus myrti/olia, Quercus

chapmanii, and Quercus geminata, Serenoa repens, and ericaceous shrubs (e.g.,

Lyonia fruticosa, L. lucida) and lacking a pine canopy (Schmalzer and Hinkle

1987). It is generally similar to scrubby flatwoods at Archbold Biological Station

(Abrahamson et al. 1984) and elsewhere (Abrahamson and Hartnett 1990). Oak-

saw palmetto scrub occupies significant areas on John F. Kennedy Space Center

(KSC) (Provancha et al. 1986), where it and associated vegetation types support

the largest remaining population of the Florida Scrub Jay {Breininger 1989).

Scrub vegetation is fire-adapted and fire-maintained. The oaks, ericads, and

palmettos all resprout after fire (Webber 1935, Abrahamson 1984a, 1984b), while

sand pine (Webber 1935) and Florida rosemary (Johnson 1982) are obligate

seeding species. Recovery after fire in oak-saw palmetto scrub has been described

from an age sequence of stands on similar sites (Schmalzer and Hinkle 1987).

The use of data from permanent transects or plots sampled repeatedly after fire

has the advantage of directly determining temporal changes rather than drawing

inferences from spatial variation (Mueller-Dombois and Ellenberg 1974, Austin

1977). Abrahamson (1984a, 1984b) presented such data for scrubby flatwoods

after fire, as have Johnson and Abrahamson (1990) for rosemary scrub. Several

studies have followed changes in scrub vegetation in permanent samples in the

absence of fire (Veno 1976, Givens et al. 1984, Myers 1985, Menges 1990). These

previous studies have all been in inland peninsula scrubs. Here we present data

from permanent transects for three years after fire in oak-saw palmetto scrub

from a coastal peninsula site.

The resilience of an ecosystem refers to the pace, manner, and degree of

recovery of structure and function after disturbance (Westman 1978, 1985; West-

man and O'Leary 1986). Components of resilience include: elasticity, the rate of

recovery from disturbance; amplitude, the threshold beyond which recovery to

the original state no longer occurs; malleability, the extent of alteration of the

new stable state from the original; and damping, the extent and duration of

oscillation in an ecosystem parameter after disturbance (Westman 1978, 1985;

Westman and O'Leary 1986; Malanson and Trabaud 1987). Inertia refers to the

resistance to change (Westman 1978). Scrub is considered highly resilient after

fire (Abrahamson 1984a, Myers 1990). Here we use ordination techniques (West-

man and O'Leary 1986, Malanson and Trabaud 1987) to examine some of the

components of resilience after fire and their variability along a scrub environ-

mental gradient.
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STUDY AREA

The study site is an inland area on the central part of KSC on Merritt

Island on the east coast of central Florida (28°38'N, 80°42'W). Merritt Island has

a warm, humid climate. Annual precipitation averages 131 cm, but year-to-year

variability is high. Precipitation varies seasonally with a wet season occurring

from May to October and the rest of the year being relatively dry (Mailander

1990). Thunderstorms are frequent in the summer months and lightning strikes

are common (Eastern Space and Missile Center 1989). Moisture deficits typically

occur between mid-March and mid-May and between mid-November and mid-

December (Mailander 1990). Mean daily maximum temperatures are 22.30C for

January and 33.3°C for July; mean daily minimum temperatures are 9.6°C for

January and 21.90C for August (Mailander 1990).

The sites occur primarily on Pomello sand (Arenic Haplohumod), a mod-

erately well-drained soil; some occur on the poorly-drained Immokalee (Arenic

Haplaquod) or Myakka sand (Aeric Haplaquod; Huckle et al. 1974). These scrub

soils are oligotrophic with much of the nutrient standing crops in living and dead

vegetation and litter rather than in the mineral soil (Schmalzer and Hinkle 1987).

METHODS

We randomly established and sampled six permanent vegetation transects

(15 m length) in each of four scrub stands in January 1983 and resampled them

in January 1985 in the absence of fire (Schmalzer and Hinkle 1987). Scrub stands

were originally selected to represent an age sequence (2, 4, 8, and 24 years since

burning) on otherwise similar sites. In December 1986 a prescribed fire burned

through scrub Stands 1 and 2 which were then 11 and 7 years since burning,

respectively. In Stand 1, four of six transects burned, and in Stand 2, all six

transects burned. We sampled vegetation of the 10 burned transects at 6, 12, 18,

24, and 36 months after fire. We recorded cover of shrubs and herbs by taxon in

two height layers, 0-0.5 m and >0.5 m, using line-intercept techniques (Mueller-

Dombois and Ellenberg 1974) and measured height of the vegetation canopy

above the ground at four points (0, 5, 10, and 15 m from the starting point) along

each transect. Sampling methods used were the same before and after the fire.

Percent cover by species was calculated as the total cover for a species divided

by the transect length (15 m).

Previous analysis (Schmalzer and Hinkle 1987) indicated that composition

of this scrub varied along a gradient closely related to depth to the water table

with oaks dominating drier sites and saw palmetto increasingly important on

wetter sites. Two transects in Stand 2 were dominated by saw palmetto and had

soil properties more characteristic of slash pine flatwoods than oak scrub but

lacked any pine. We summarized species composition data from these transects

separately to determine if recovery patterns differed.

We combined vegetation data (percent cover) from the >0.5 m layer for all

sampling periods (pre- to 36 months postburn) and used detrended correspon-

dence analysis (DCA) ordination (Hill and Gauch 1980, Gauch 1982) in the

CANOCO package (Ter Braak 1988, 1990) to examine the patterns of compo-

sitional change. DCA produces a simultaneous ordination of species and samples.

16o CASTANEA VOLUME 57



Table 1. Species composition (mean percent cover) of oak-dominated scrub transects

(>0.5 m) preburn and through 36 months postburn

Species

6 12 18 24 36

Months Months Months Months Months

Preburn Post- Post- Post- Post- Post-

1985 burn burn burn burn burn

N = 8 N = 8 N = 8 N = 8 N = 8 N = 8

Andropogon spp. 0.0 0.0 0.0 0.0 0.09 0.0

Aristida stricta 1.4 0.0 0.3 1.2 2.4 8.2

Befaria racemosa 1.5 0.0 0.3 1.3 0.6 1.8

Galactia eUiottii 0.0 0.4 0.0 0.8 0.0 0.0

Lyonia [ruticosa 2.9 0.2 0.3 0.7 1.1 1.9

Lyonia lucida 15.9 0.5 2.1 3.3 7.5 12.1

Myrica cerifera 0.6 0.2 0.2 1.7 1.8 2.7

Pteridium aquilinum 0.0 0.0 0.0 0.04 0.0 0.0

Quercus chapmanii 5.2 0.0 0.8 1.2 1.4 3.1

Quercus geminata 14.0 2.5 3.8 7.3 7.6 11.4

Quercus myrtifolia 33.2 1.1 1.4 7.7 9.6 17.4

Serenoa repens 31.5 16.8 29.3 33.4 31.1 26.5
Smilax auriculata 0.0 0.04 0.0 0.0 0.04 0.0

Vaccinium myrsinites 0.0 0.0 0.0 0.0 0.0 0.1

Total cover 106.1 21.8 38.4 58.5 63.2 85.1

We used the option in CANOCO to make all the postburn samples passive. Passive

samples have no influence on the extraction of the ordination axes but are added

afterward using transition formulae (Ter Braak 1988). Thus, the structure of the

ordination was determined by the preburn (1985) samples only, and the postburn

samples were located relative to them. Ordination techniques have been used

previously to study vegetation dynamics (Austin 1977, Whittaker and Woodwell

1978, Swaine and Greig-Smith 1980, Menges 1990), and recovery after fire (Hobbs

and Gimingham 1984, Westman and O'Leary 1986, Malanson and Trabaud 1987).

Patterns of trajectories indicate whether samples return toward their preburn

locations or change drastically. We compared vector lengths between preburn

and postburn locations in ordination space based on the first two ordination axes

(Malanson and Trabaud 1987). In the ordination space defined by the preburn

samples, distance between postburn samples and preburn is an index of their

similarity. In the more common use of ordination to infer environmental gra-

dients, vegetationally similar samples occur close together and dissimilar apart.

Here there is an underlying environmental gradient reflected in the ordination

of preburn samples. Postburn samples reflect vegetation changes caused by fire

and subsequent recovery. Similarity then is an index of change and recovery.

RESULTS

Before burning, Quercus myrtifolia had the greatest percent cover in the

>0.5 m layer in the oak-dominated transects (Table 1) with Serenoa repens

second. By one year after burning, Serenoa repens reestablished preburn cover
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Table 2. Species composition (mean percent cover) of oak-dominated scrub transects

(<0.5 m) preburn and through 36 months postburn

Species

6 12 18 24 36

Months Months Months Months Months

Preburn Post- Post- Post- Post- Post-

1985 burn burn burn burn burn

N = 8 N = 8 N = 8 N = 8 N = 8 N = 8

Bare ground 0.0 22.9 14.6 6.1 4.9 0.7

Andropogon spp. 0.0 0.0 0.0 0.04 0.04 0.08

Aristida stricta 2.7 2.8 4.7 4.0 4.0 7.2

Befaria racemosa 0.3 0.7 1.2 0.8 1.1 1.0

Carphephorus spp. 0.0 0.4 0.6 1.0 0.6 0.7

Drosera sp. 0.0 0.0 0.04 0.0 0.04 0.04

Galactia elliottii 0.0 1.3 0.0 1.5 0.0 0.0

Gaylussacia dumosa 0.0 0.6 0.9 0.7 0.3 0.6

Hypericum reductum 0.2 0.0 0.0 0.0 0.0 0.0

Licania rnichauxii 0.0 0.04 0.04 0.04 0.0 0.0

Lyonia fruticosa 0.5 1.3 1.8 1.5 1.6 1.4

Lyonia lucida 1.7 9.7 11.7 11.2 6.5 6.3

Myrica cerifera 1.3 3.0 2.4 2.2 2.4 3.6

Panicum spp. 0.0 0.04 0.08 0.08 0.4 0.5

Pteridium aquilinum 0.0 0.5 0.0 0.9 0.0 0.0

Quercus chapmanii 1.5 4.3 3.4 4.4 4.8 3.9

Quercus geminata 1.3 9.2 6.8 6.6 4.0 5.1

Quercus myrtifolia 2.8 16.6 17.0 19.9 17.8 15.4

Serenoa repens 0.3 1.2 1.1 0.7 1.3 1.2

Seymeria pectinata 0.0 0.0 0.0 0.6 0.0 0.0

Smilax auriculata 0.1 0.09 0.08 0.08 0.0 0.0

Vaccinium myrsinites 1.5 2.3 2.4 3.0 3.0 3.6

Vaccinium stamineum 0.0 0.09 0.0 0.2 0.0 0.0

Total cover 14.1 54.0 54.1 59.4 47.8 50.5

in the >0.5 m layer. Quercus myrtifolia cover in the >0.5 m layer was less than

half its preburn value three years after the fire (Table 1). Quercus myrtifolia

was not eliminated from the stands by fire; cover in the <0.5 m layer increased

(Table 2) and was still elevated three years postburn. Cover of Quercus geminata

reestablished more quickly than Quercus myrtifolia; after three years, cover of

Quercus geminata (>0.5 m) was 81.4TO of its preburn cover, while cover of

Quercus myrtifolia was 52.4% of preburn (Table 1). Total oak cover (>0.5 m)

three years postburn (31.9%) was still substantially less than preburn (52.4 TO).

Through two years postburn, Serenoa repens cover in the >0.5 m layer exceeded

the sum of the cover of all oak species. Saw palmetto cover (>0.5 m) as a fraction

of total cover increased from preburn {29.7 TO) to six months (77.1To) postburn

and then gradually declined (12 months--76.3 %, 18 months--57.1 TO, 24 months--

49.2TO), approaching the preburn proportion at 36 months (31.1%) postburn.

Lyonia lucida cover in the >0.5 m layer three years after fire was close to preburn.

Myrica cerifera increased from preburn values in the <0.5 m layer by six months
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Table 3. Species composition (mean percent cover) of saw palmetto-dominated scrub

transects (>0.5 m) prebnrn and through 36 months postburn

Species

6 12 18 24 36

Months Months Months Months Months

Preburn Post- Post- Post- Post- Post-
1985 burn burn burn burn burn

N = 2 N = 2 N = 2 N = 2 N = 2 N = 2

Aristida stricta 0.4 0.0 0.0 0.4 1.0 1.7

Befaria racemosa 1.7 0.0 0.7 0.0 0.9 2.4

Eupatorium rotundifolium 0.0 0.2 0.0 0.0 0.0 0.0
Galactia elliottii 0.0 0.7 0.0 1.5 0.0 0.0

Ilex glabra 13.7 0.0 1.9 3.0 8.7 14.3

Lyonia lucida 7.0 2.0 4.0 3.0 12.8 14.5

Myrica cerifera 3.7 0.0 0.0 0.2 0.4 2.4
Persea borbonia 2.0 0.0 0.4 1.0 0.7 1.4

Pteridium aquilinum 0.0 1.7 0.0 4.0 0.0 0.0
Quercus gerninata 1.7 0.0 0.0 1.4 1.4 0.0
Rhus copallina 0.0 0.0 0.0 0.7 0.0 0.0
Serenoa repens 73.3 53.7 72.0 67.4 66.7 75.4

Total cover 103.3 58.1 78.9 82.4 92.4 111.9

and in the >0.5 m layer by 18 months postburn. The subshrubs, Vaccinium

myrsinites and Gaylussacia dumosa, increased in cover in the <0.5 m layer after

fire. Galactia eUiottii and Pteridiurn aquilinum showed a distinctly seasonal

response, present in the six and 18 month postburn samples (June) and not in

the winter samples. Total cover (sum of the percent cover values of all species)

had not returned to preburn levels in the >0.5 m layer three years postburn

(Table 1) but exceeded preburn in the <0.5 m layer (Table 2). Percent bare

ground declined to near zero by three years after fire (Table 2).

In the saw palmetto-dominated transects, cover of Serenoa repens in the

>0.5 m layer returned to preburn values within one year; associated shrubs,

Lyonia lucida and Ilex glabra, recovered more slowly but equaled or exceeded

preburn cover within three years (Table 3). Galactia elliottii and Pteridium

aquilinum showed the same seasonal pattern as in the oak-dominated transects,

present only in the summer samples (Table 4); Pteridium aquilinum was much

more abundant here than in the oak-dominated transects. Total cover in the

>0.5 m layer equaled preburn in three years (Table 3). Percent bare ground

declined to near zero by 18 months after fire (Table 4).

Mean vegetation height was still much less than preburn three years after

the fire in the oak-dominated transects but had nearly recovered in the saw

palmetto transects (Table 5). Species richness (mean number of species per

transect) followed similar trends in both groups of transects (Table 5). There

were short-term reductions in species richness in the >0.5 m layer and increases

in the <0.5 m layer as a result of differential growth rates. Overall species richness

generally increased after fire, but the changes were small with considerable vari-

ability in species number from transect-to-transect (Schmalzer and Hinkle 1991).
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Table 4. Species composition (mean percent cover) of saw palmetto-dominated scrub

transects (<0.5 m) preburn and through 36 months postburn

Species

6 12 18 24 36

Months Months Months Months Months

Preburn Post- Post- Post- Post- Post-

1985 burn burn burn burn burn

N=2 N=2 N=2 N=2 N=2 N=2

Bare ground 0.0 6.5 9.0 0.5 0.4 0.0

Andropogon spp. 0.0 0.0 0.5 0.2 1.0 0.7

Aristida stricta 4.7 0.5 1.4 0.5 1.0 8.7

Befaria racemosa 0.0 2.5 1.0 0.4 0.4 0.2

Carphephorus spp. 0.0 0.2 0.5 1.2 0.4 0.0

Eupatorium rotundifolium 0.0 0.4 0.2 1.0 0.0 0.0

Galactia elliottii 0.0 1.3 0.0 2.8 0.0 0.0

Gaylussacia dumosa 0.0 0.0 0.2 0.7 0.0 0.0

Hypericum reductum 0.0 0.2 0.2 0.7 0.7 0.5

Ilex glabra 0.4 6.0 8.4 7.9 4.9 3.2

Lyonia [ruticosa 0.4 0.4 0.2 0.0 0.0 0.4

Lyonia lucida 0.4 7.3 9.2 8.0 4.4 4.9

Myrica cerifera 0.0 6.2 5.7 7.2 7.2 8.3

Panicum spp. 0.0 0.0 0.9 1.9 8.0 1.8

Pteridium aquilinum 0.0 25.0 0.0 17.7 0.0 0.0

Quercus geminata 0.0 0.5 0.9 1.0 0.0 0.5

Rhus copallina 0.0 0.5 0.0 0.4 0.0 0.0

Serenoa repens 0.0 0.4 2.7 0.0 1.7 2.7

Unknown herb 0.0 0.0 0.0 0.2 0.0 0.0

Vaccinium myrsinites 0.0 0.7 1.4 0.0 1.4 2.2

Total cover 5.7 51.8 32.9 51.4 30.8 33.8

Table 5. Changes in vegetation height and species richness in oak- and saw palmetto-

dominated transects preburn through 36 months postburn

6 12 18 24 36

Months Months Months Months Months

Preburn Post- Post- Post- Post- Post-

1985 burn burn burn burn burn

Oak-dominated Transects (N = 8)

Height (cm) 107.9 31.8 49.8 58.4 60.2 69.6

Species richness (>0.5 m) 6.8 2.8 4.0 6.4 6.3 6.6

Species richness (<0.5 m) 6.6 10.0 10.1 10.5 8.5 9.5

Species richness (all strata) 8.5 10.5 10.4 11.1 9.9 10.1

Saw Palmetto-dominated Transects (N = 2)

Height (cm) 115.0 67.5 88.0 93.6 94.0 103.3

Species richness (>0.5 m) 5.5 3.0 3.0 7.0 5.5 5.0

Species richness {<0.5 m) 2.0 9.5 9.5 11.0 8.5 8.0

Species richness (all strata) 6.0 10.0 I0.0 12.5 9.5 9.0
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Figure 1. Detrended correspondence analysis species ordination of the > 0.5 m layer.
Ordination structure was determined by the preburn (1985) samples. Species are: ARISTR,

Aristida stricta; BEFRAC, Befaria racemosa; ILEGLA, Ilex glabra; LYOFRU, Lyonia

fruticosa; LYOLUC, Lyonia lucida; MYRCER, Myrica cerifera; PERBOR, Persea bor-
bonia; QUECHA, Quercus chapmanii; QUEGEM, Quercus geminata; QUEMYR, Quercus

myrtifolia; and SERREP, Serenoa repens.

The species ordination (Figure 1) placed oak species to the left and saw

palmetto and species restricted to the wetter transects (e.g., Ilex glabra) to the

right on the first axis. In the sample ordination, three patterns of responses

occurred (Figures 2-4). These results are from a single ordination but are graphed

separately so that overlapping points can be seen. Both saw palmetto transects

(P-7, P-8: Figure 2) remained on the right side of the ordination and returned

close to their original location by three years after fire. Recovery of saw palmetto

transects was rapid; cover and ordination location of Transect 8, 12 months

postburn, was similar to preburn. There was a seasonal effect evident in Transect

8 with the six and 18 month postburn (June) samples closely related (Figure 2).

Transect 5 (P-5: Figure 3) was oak-dominated with little saw palmetto. It re-

mained on the left of the ordination diagram, returning to near its preburn

location by three years postfire. The remaining transects (P-2, P-3, P-4: Figure

3; P-9, P-10, P-11, P-12: Figure 4) were of mixed oak-saw palmetto composition

before burning. They all shifted sharply to the right after the fire with subsequent

trajectories toward their original locations.

Lengths of the vectors between pre- and postburn locations in ordination

space (Table 6) indicate the recovery process. All transects moved toward their
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transects 7 and 8.
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preburn samples with postburn samples located passively in relation to them. Shown are
transects 2, 3, 4, and 5.

original locations. Vector lengths by 36 months were much less than at 6 months

postburn (Table 6). Initial postfire (six months) vector lengths were greater for

the mixed oak-saw palmetto transects than for those dominated by saw palmetto,

indicating a greater degree of change in the mixed oak-saw palmetto transects.

DISCUSSION

Floristic changes in our stands of oak-saw palmetto scrub were minimal

with no species lost due to fire and little or no invasion of species not present

before burning, agreeing with patterns observed in scrubby flatwoods after fire

(Abrahamson 1984a). Many other fire-adapted shrublands exhibit greater floristic

changes after fire (e.g., Gill and Groves 1981). All shrub species in our oak-

palmetto scrub resprout, as do the perennial forbs and grasses. In many heath-

lands and mediterranean-climate shrublands there is a range of shrub regener-

ation patterns from obligate sprouters to obligate seeders (Keeley and Zedler

1978, Gill and Groves 1981, Keeley 1981, Kruger 1983, Christensen 1985). Po-

cosins (Christensen et al. 1981) and Quercus coccifera garrigue (Malanson and

Trabaud 1987) are similar to oak-saw palmetto scrub in degree of dominance by
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Figure 4. Detrended correspondence analysis sample ordination of the >0.5 m layer

showing changes of oak-saw palmetto transects from preburn through 36 months postburn.

Arrows show direction of change. Ordination structure was determined by the preburn

samples with postburn samples located passively in relation to them. Shown are transects

9, 10, 11, and 12.

sprouting species. Keeley and Zedler (1978) suggested that short fire cycles can

eliminate seeder species; this is the case with sand pine (Laessle 1967) and Florida

rosemary (Johnson 1982) which can be eliminated by fire cycles of less than about

20 and 10 years, respectively. Scrub shrubs form the understory in sand pine

scrub with a 20-70+ year fire cycle (Austin 1976) and are not eliminated by such

fire-free intervals (Veno 1976, Givens et al. 1984).

The increase of the subshrubs, Vaccinium myrsinites and Gaylussacia

dumosa, and Myrica cerifera in our stands is similar to that reported by Abra-

hamson (1984b). Here, none of the subshrubs showed a sharp decline in cover

by three years postburn. The increases in the cover of grasses (Andropogon spp.,

Aristida stricta, Panicum spp.) and perennial herbs such as Carphephorus spp.

are largely due to sprouting. Seedling establishment of herbs such as Eupatorium

rotundifolium in the wetter transects may have occurred, or these herbs may

have been absent at the preburn (winter) sampling times.

Westman and O'Leary (1986) found that coastal sage scrub dominated by

vigorous sprouters was more resilient than that dominated by less vigorous

sprouters. We expected oak-saw palmetto scrub to be very resilient after fire
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Table6. Lengths of vectors between preburn and postburn location of transects based

on first two axes of detrended correspondence analysis ordination

6 Months 12 Months 18 Months 24 Months 36 Months

Transect Postburn Postburn Postburn Postburn Postburn

2 93.6 112.8 63.6 65.8 31.2

3 120.2 106.0 84.0 65.8 41.0

4 113.4 94.3 80.3 72.4 16.8

5 50.2 38.8 10.6 16.3 31.1

7 26.4 25.5 17.5 26.8 15.0

8 7.4 1.0 9.3 19.9 18.0

9 117.0 89.9 63.3 15.2 10.8
10 104.7 100.3 89.0 56.6 23.4

ll 142.8 135.3 109.9 97.7 65.1

12 53.1 42.6 27.3 10.8 12.2

X_LL' 82.9 74.7 55.5 44.7 26.5

SD., _ 45.4 44.2 36.6 30.5 16.7

_._,_ 16.9 13.3 13.4 23.4 16.5

SD,, _ 13.4 17.3 5.8 4.9 2.1

_.,_,/ 106.4 97.3 73.9 54.9 28.6

SD_ ._,,:' 27.9 28.4 26.0 31.4 19.3

' All transects {N = 10).
Saw palmetto transects (ttT, 8) (N = 2).
Oak saw palmetto transects (#2, 3, 4, 9, 10, 11, 12) (N = 7).

given its dominance by sprouting species. This was the case. All trajectories in

ordination space trended back toward the transects' original locations, suggesting

that fire occurring seven or 11 years after the preceding burn did not exceed the

ability of this community to recover.

Components of resilience are not uniform across the scrub vegetation gra-

dient sampled. After the fire, all transects started as bare ground. 0ak-dominated

scrub burns less readily than scrub that has substantial saw palmetto cover; thus,

the oak-dominated areas have higher inertia (resistance to change) related to

fire. Six months after burning, saw palmetto transects were closer to their orig-

inating points than mixed transects, suggesting greater elasticity (rate of recov-

ery) in saw palmetto-dominated areas. By three years after fire, none of the

transects had reached a stable state. Taking as relative endpoints the three year

postburn data, mixed oak-saw palmetto transects have greater malleability (ex-

tent of change from original) than saw palmetto-dominated ones. Our sample of

oak scrub without saw palmetto was too small for definite conclusions on its

resilience. Observations in other oak-dominated areas suggest that they also

change little in composition after fire and have low malleability.

It is clear that the differing growth rates of saw palmetto and oaks after

fire can interact with varying fire frequencies to modify dominance patterns of

sites where these species occur together. Longer fire frequencies will allow oaks

sufficient time to reach the >0.5 m layer, but short fire frequencies will enhance

saw palmetto dominance.
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As Westman (1978) and Westman and O'Leary (1986) have noted, resilience

will vary with the parameter measured. In oak-saw palmetto scrub as in Quercus

cocci/era garrigue (Malanson and Trabaud 1987), cover by height layer is a more

sensitive indicator of change and recovery than species presence or cover without

regard to height, since vertical structure is important to both communities. Mean

vegetation height recovered more slowly in oak-dominated than in saw palmetto-
dominated transects.

The type of ordination used here was useful in examining recovery of scrub

vegetation. Swaine and Grieg-Smith (1980) noted that the success of this ap-

proach depends on the changes in the vegetation leading towards species com-

binations already present in the ordination; this is true with resilient sprouting

vegetation like scrub but may be less so with other types. Choice of data set may

affect the results as will addition or deletion of samples (Malanson and Trabaud

1987). Using the preburn samples to establish the ordination pattern and relating

the postburn samples to them avoids the potentially circular argument that would

arise if all the samples were included in the ordination; in addition, the structure

of the ordination does not change with the addition of subsequent postburn

samples.

The degree of resilience shown here was for a single winter burn after 7-

11 fire-free years and should not be extrapolated to other circumstances. Season

of burning and fire intensity (Malanson and Trabaud 1987, 1988) can affect

resprouting recovery. Growing-season fires generally have a greater impact than

dormant-season fires on Florida hardwoods (Robbins and Myers 1990), but data

on scrub species are lacking (Myers 1990). Our data suggest that increased fire

frequency would increase saw palmetto dominance in areas of mixed composition.

Saw palmetto is known for its rapid vegetative recovery after fire (Hough 1965,

Hilmon 1968); it is most abundant in communities that have greater fire frequency

than scrub or scrubby flatwoods. Saw palmetto requires four years after fire to

restore rhizome carbohydrates (Hough 1968); frequent, growing-season fires can

reduce root reserves and sprouting in some clonal oaks (e.g., Harrington 1985,

1989). This has not been studied in Florida scrub oaks.

Resilience to fire also does not extend to other disturbances. Mechanical

disturbance that damages or removes root and rhizome systems produces long-

lasting changes in scrub composition and structure (Breininger and Schmalzer

1990).

Oak-saw palmetto scrub is resilient after fire, but resilience varies along

the scrub composition and environmental gradient. Additional work in oak-dom-

inated and saw palmetto-dominated sites could provide useful comparisons to

the patterns reported here and lead to better understanding of community re-

sponses to differing fire management regimes. Information on the responses of

scrub vegetation (e.g., species composition and dominance, vegetation height,

percent bare ground) to prescribed fires is important to maintaining conditions

appropriate for the plant and animal species dependent on this community.
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